Dietary protein deprivation decreases the serine phosphorylation of insulin receptor substrate-1 in rat skeletal muscle.
Evidence has shown that protein malnutrition tends to increase peripheral insulin sensitivity, but the molecular mechanism underlying this increase is not yet clear. Here we show that, in rat muscle, the state of insulin receptor (IR) substrate-1 (IRS-1), a pivotal component of the signaling pathway of the IR, changes drastically according to protein supply. After rats were fed a protein-free diet (PF) or a 12% casein diet for 1 week, their IR and IRS-1 states were analyzed by immunoblotting using various antibodies. PF slightly increased the amount of IR without affecting the state of IR tyrosine phosphorylation. In contrast, PF decreased the amount of IRS-1 and markedly increased phosphorylation of IRS-1 tyrosine residues after insulin injection. Moreover, IRS-1 in PF rats exhibited faster mobility in SDS-PAGE as well as far less phosphorylation of Ser612 and Ser307, indicating hypophosphorylation on its serine residues. Results of additional experiments using energy-restricted (pair-fed) rats and streptozotocin-induced diabetic rats suggest that dietary protein deficiency by itself alters serine phosphorylation of IRS-1, while the up-regulation of tyrosine phosphorylation requires other factors, such as a reduction in basal plasma insulin. The serine dephosphorylation followed by up-regulation of insulin-dependent IRS-1 tyrosine phosphorylation in skeletal muscle of PF rats in vivo is similar to a phenomenon observed in cultured cells under restriction of amino acids in the medium. With these findings, it could be inferred that the reduction of serine phosphorylation contributes to the sensitization of IRS-1 to IR tyrosine kinase under protein malnutrition.